Background: To evaluate the on-going scale-up of HIV programs, we assessed trends in patient characteristics at enrolment and ART initiation over 7 years of implementation. Methods: Data were from Optimal Models, a prospective open cohort study of HIV-infected (HIV+) adults (≥15 years) and children (<15 years) enrolled from January 2005 to December 2011 at 44 HIV clinics in 3 regions of mainland Tanzania (Kagera, Kigoma, Pwani) and Zanzibar. Comparative statistics for trends in characteristics of patients enrolled in
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Background
In the United Republic of Tanzania (Tanzania), HIV prevalence among adults aged 15-49 years was last estimated at 5.7% in 2008/2009 [1] . An estimated 1,400,000 people were living with HIV by 2010, of whom 200,000 are children under 15 years of age [2] . Approximately 610,000 persons living with HIV were in need of antiretroviral therapy (ART) [2] using the ART eligibility criteria in the 2006 World Health Organization (WHO) guidelines [3] . ART coverage was estimated at 42% among adults and 18% among children, and Tanzania was one of five countries (together with Nigeria, South Africa, Kenya, and Uganda) that contributed to 50% of the global unmet need for pediatric ART [4] . To address the HIV epidemic, Tanzania has been providing free HIV care and treatment, including antiretroviral therapy (ART) since 2004. Over 900 clinics provide ART in the country [5] and 258,069 patients were receiving ART by the end of 2010 [4] .
The scale-up of ART services and the large number of patients receiving ART are important successes in Tanzania. An evaluation conducted in the early years of program implementation revealed that ART services had been introduced at 210 facilities within 3 years, but there was limited male and pediatric enrolment [5] . Like many sub-Saharan African countries, Tanzania's HIV services were initiated at urban higher-level health facilities and prioritized patients with the most advanced HIV disease [6] . Over time, there have been efforts to encourage HIV testing, decentralize HIV services, expand prevention of mother-tochild HIV transmission (PMTCT) programs, increase the number of people receiving HIV care and treatment, and phase out the use of stavudine due to significant toxicity [7] [8] [9] . In order to inform the continuing scale-up of ART programs in this country, we examined trends over 7 years in characteristics of adults and children attending HIV care and treatment clinics in selected regions of Tanzania.
Methods
Setting ICAP at Columbia University with funding from the United States President's Emergency Plan for AIDS Relief (PEPFAR) provided programmatic, health facility and health systems support to Tanzania in the establishment of HIV care and treatment clinics (CTCs). ICAP's support in Tanzania began in 2004 and was regionalized to Kagera, Kigoma (north-west Tanzania), Pwani (east coastal region), and the island of Zanzibar. In 2007-2008, HIV prevalence among adults aged 15-49 years in these regions was estimated at 5.3% in Pwani, 3.4% in Kagera, 0.9% in Kigoma and 0.6% in Zanzibar. By December 2011, a total of 127 CTCs had been supported in these regions and a total of 89,780 HIV-infected patients enrolled into HIV care [10] . ICAP support included training of health care providers, building capacity for sustainable clinical mentorship and supervision, and implementation of the national monitoring and evaluation (M&E) system for HIV care and treatment. The Identifying Optimal Models of Care and Treatment in sub-Saharan Africa (Optimal Models) study was funded by the Centers for Disease Control and Prevention (CDC) to analyze routinely collected patient and site-level data for program evaluation. Optimal Models is an open cohort, with patients entering and exiting according to their routine care.
Routinely collected patient-level data
When patients attend HIV care and treatment clinics, demographic and clinical characteristics and treatment details e.g. age, gender, source of referral, WHO staging, CD4 + cell count (CD4+), ART status and regimen are recorded on their patient medical card. During the study observation period, ART initiation was according to national guidelines which aligned with the 2003 and 2006 WHO ART initiation guidelines [3, 6, 8, 11] . The data were entered into a Ministry of Health Microsoft Access database, which is maintained at the site level, updated with every patient visit, and used for reporting to the national government and implementation partners. Implementation of the patient-level database in ICAP-supported regions was prioritized at clinics with the highest patient volume. By the end of 2011, the database was in use at 44 clinics and captured 70% of all patients ever enrolled across the 127 clinics. At the time of introduction of the database, all retrospective data were entered into the database. Quarterly supervision visits were conducted by ICAP in collaboration with Ministry of Health Regional and District Health Management Teams to support site-level data entry clerks in data quality assurance.
Health facility data
Health facility and program characteristics were captured annually using a site assessment tool [12, 13] . Data collected include the site characteristics e.g. location of the site and level of health facility (health centers and dispensaries were categorized as primary facilities; and district, missionary or regional referral hospitals as secondary. Program characteristics that describe the services provided (e.g. presence and location of Voluntary Counseling and Testing (VCT), PMTCT and CD4+ testing services) were also documented. Data from the most recent survey (2011) were used to give a descriptive snap-shot of site and program characteristics.
Data analysis
The patient record data were de-identified and anonymized, then combined across health facilities to create an analytic dataset. The analysis (using SPSS 18) explored trends in patient characteristics among adults (≥15 years) and children (<15 years) enrolled from January 2005 to December 2011. Seven patients were missing age data and excluded from the analysis. WHO stage and CD4+ at enrolment and ART initiation, respectively, were based on records within < 90 days before and < 30 days after date of enrolment/ART initiation with priority given to data before and closest to the enrolment/ART initiation date. ART eligibility was defined using the 2006 WHO guidelines [14] . Descriptive comparative statistics were computed for differences in characteristics of pa- where ART was rolled out to a large number of clinics including lower level health facilities; and a maturation phase 2010-2011 where fewer clinics were newly implementing ART services and the focus for existing clinics was ensuring sustainability and enhancing service provision through support services. Differences and trends in patient characteristics between time categories were tested using chi-square tests for categorical variables and generating linear-by-linear association p values. Differences in medians over time groups were tested with the Jonckheere-Terpstra test, and for other nominal variables like gender and source of referral, the Kruskal-Wallis test was used. Adult trends in WHO stage and CD4+ were stratified by gender and pregnancy status. Missing data are an important focus area for data quality improvement, so for variables with >5% missing data, tables include an indication for data available for each variable with a test for trend over time.
Ethical approval
Optimal Models involves analysis of de-identified routinely collected data and received non-human subjects research determination from Columbia University Institutional Review Board and the Centers for Disease Control. The study was also approved by Institutional Review Boards in mainland Tanzania and Zanzibar.
Results
A total of 62,801 patients, 58,102 (92.5%) adults and 4,699 (7.5%) children, were enrolled at the 44 clinics, with peak enrolment in 2009 ( Figure 1 ). The majority of patients (58.0%) and half the clinics were from Kagera region ( Table 1 ). Most patients (80.9%) attended urban/semiurban clinics, where 79.5% of the clinics were located. Nearly half of the patients (46.1%) were enrolled at the 29.5% public secondary health facilities, while 22.4% were enrolled at the 36.4% public primary health clinics. VCT and PMTCT services were available at all but 1 clinic, and all patients were enrolled at clinics that provided antenatal services and CD4+ testing on or off-site.
Adult (≥15 years) characteristics
At enrolment, 66.5% were female and 12.5% of these were pregnant ( Table 2 ). The overall median age was 35.2 years (yrs) (IQR 29.1-42.4). Median age of men (38.8 yrs, IQR 32.5-45.9) was significantly higher than non-pregnant women (33.4 yrs, IQR 27.7-40.2) and pregnant women (28.2 yrs, IQR 24.1-32.6). Half the adults (52.3%) were enrolled from VCT programs, 9.9% from PMTCT and 9.3% transferred in from other clinics. Overall, 84.4% adults had a WHO clinical stage recorded at enrolment, of whom 17.9% had advanced HIV disease with WHO stage IV. Among the 42.5% adults with documented CD4+ at enrolment, the overall median CD4+ was 251 cells/μL (IQR 104-463); and it was significantly higher among adults from PMTCT (432 cells/μL, IQR 254-620) compared with VCT (257 cells/μL, IQR 109-472) and other referral points (212 cells/μL, IQR 86-420); a difference that remained statistically significant after stratifying by gender and pregnancy status (data not shown). Only 29.5% of adults had documented CD4 + at ART initiation and median CD4+ was 148 cells/μL (IQR 67-236). Nearly half (49.2%) of the adults initiated ART across the 7 year period, and of these 58.2% were prescribed stavudine in the initial ART regimen.
Trends in adult characteristics
Among females, the proportion pregnant at enrolment increased from 6.8% in 2005-2007 to 12.1% in 2008-2009 and 17.2% in 2010-2011 (p < 0.0001) ( Table 2) . Overall, adult median age at enrolment decreased modestly from 36 Excludes data from the national referral hospital. 2 Includes 1 tertiary facility in Zanzibar. 3 Off-site means blood is collected at care and treatment clinic (CTC), CD4+ analyzed at a laboratory outside the health facility and the results returned to the CTC where they are picked by the patient. 6 Denominator for percentage is all adults who started ART. 7 Denominator for percentage is females who started ART. 8 Denominator for percentage is those who started ART, stavudine and zidovudine containing regimens were combined with lamivudine and nevirapine or efavirenz. 9 Includes less commonly used drugs like abacavir, tenofovir and protease inhibitors. On stratifying by gender and pregnancy status, this increase was only statistically significant among the non-pregnant women (Figure 3 ). There were no statistically significant changes in median CD4+ at ART initiation even after stratifying by gender and pregnancy status ( 
Pediatric (<15 years) characteristics
Overall, 52.8% were female and median age at enrolment was 4.1 years (IQR 1.9-8.8), and at ART initiation 5.6 years (IQR 2.2-9.7). Main points of entry into care were VCT (44.4%) and PMTCT (11.2%); and 10.8% of children transferred in from other clinics ( Table 3 ). The majority (85.5%) had documented WHO clinical stage at enrolment and 17.6% were stage IV. Nearly half (49.3%) were ≥5 years and of these, 40.6% and 28.5% had CD4+ at enrolment and ART initiation documented respectively. Median CD4+ at enrolment of children 5 years or older was 398 cells/μL (IQR 167-717) and at ART initiation 327 cells/μL (IQR 87-394). Overall, 55.3% initiated ART, of whom 35.4% were prescribed stavudine in the initial ART regimen. Includes TB/HIV clinics, inpatient clinics, outpatient clinics, and Persons Living with HIV associations. 2 Based on WHO 2006 guidelines. 3 As a percentage of those who started ART, stavudine and zidovudine containing regimens were combined with lamivudine and nevirapine or efavirenz. 4 Includes less commonly used drugs in the initial ART regimen like abacavir, tenofovir and protease inhibitors. 5 CD4+ done at any date < 90 days before or < 30 days after date of enrolment/ART initiation with priority given to date before and closest to the enrolment/ART initiation date. 0.0001). Children enrolled from PMTCT programs initiated ART at a much younger age than those enrolled from VCT and other referral points (Figure 4 ).
Trends in pediatric characteristics

Discussion
We reviewed trends of adult and pediatric characteristics at enrolment and ART initiation over 7 years of implementing HIV care and treatment programs in the United Republic of Tanzania. Our findings suggest that increasingly, adults and children are being enrolled from PMTCT programs and with less advanced HIV disease. We found an increasing proportion of pregnant women enrolled, younger age at enrolment among adults, younger age at enrolment and ART initiation among children, and fewer adults and children starting stavudine in their initial ART regimen. However, fewer than half the patients had CD4+ documentation and there were no changes in median CD4+ at ART initiation among adults and children. Overall, a large number of adults and children accessed HIV care and treatment, demonstrating the successful establishment and expansion of HIV care and treatment programs in Tanzania. In the 3 ICAP supported regions of mainland Tanzania (Kagera, Kigoma and Pwani), these data from sites with electronic databases represent 43% of the adult population estimated to be HIV+ by December 2009, implying that a significant proportion of the population in these regions had accessed HIV services [15] . Observed trends suggest progression from an emergency response to more mature HIV programs. Over time, PMTCT programs had an increasing contribution to adults and children entering HIV care. This is further evidenced by the significant increase in the proportion of women pregnant at enrolment and may be an indication that the scale up of PMTCT programs is having a positive impact on linkage into care and treatment. Though small, the proportion of women pregnant at ART initiation also increased over time. The largest contributor to adults and children entering HIV care was VCT, particularly after 2007. This could reflect the success of the National Voluntary HIV Testing Campaign conducted in 2007/2008 [1] . The population was encouraged to know their HIV status and subsequently access HIV care and treatment, and it is possible that there was increased population awareness of VCT in subsequent years. The proportion of patients transferring into the study clinics peaked in 2008-2009, a period associated with a rapid and peak increase in the number of clinics with ART services and decentralization [16] . The declining proportion of patients enrolled with less advanced HIV disease over time is an encouraging finding, and may be linked to more referrals from VCT and PMTCT clinics which are typically attended by healthier patients as observed in our analysis and by others [17, 18] . It could also reflect maturation of the Tanzanian program which in the early years prioritized identification and ART initiation of the patients with the most advanced HIV disease as specified in the national guidelines [6] .
There have been significant improvements in WHO stage documentation over time, but CD4+ documentation remains low, even among the most recently enrolled adults and children. As a result, ART eligibility at enrolment could not be determined for at least 1 in five patients in the study population (with the exception of the most recently enrolled adults). Considering the liberal window attached to the enrolment visit in our analysis (<90 days before and <30 days after date of enrolment), this is a concern. CD4+ testing is an essential complement to WHO staging in accurately diagnosing HIV disease progression [19, 20] , but missing data due to various program and patient level factors is a common challenge in African programs [21] [22] [23] . A review of clinic data from ICAP sites suggests that inadequate lab facilities, frequent stock-outs of reagents, and machine breakdown contribute to the lack of CD4+ data [24] . Newer technologies such as point-of-care testing and same day results for CD4+ [25] should be explored as a strategy to improve availability of CD4+ data.
Despite the limitations with CD4+ testing, a large number of patients initiated ART, and it is possible that due to limited resources, CD4+ testing was deliberately omitted where patients had advanced HIV disease. According to Tanzania and WHO guidelines used during the study period [3, 6, 8, 11] , patients with clinically advanced HIV disease (WHO stage III or IV) could initiate ART without a CD4+ cell count. In further analyses of our study population, 84% of adults without CD4+ documentation at ART initiation were classified as WHO stage III or IV, suggesting that patients missing CD4+ cell counts were more likely to have advanced disease than patients receiving CD4+ testing. Consequently, the median CD4+ at ART initiation observed in our study is likely an overestimate of population CD4+ at ART initiation if the less clinically ill patients preferentially had CD4+ testing done.
We observed a modest increase in median CD4+ at enrolment over time comparable to other sub-Saharan Africa HIV programs [26, 27] , and suggesting healthier populations accessing care. Our data showed no statistically significant increase in median CD4+ at ART initiation, which could imply that greater efficiency is needed in the ART initiation process, or that clinics remain overwhelmed by the very ill patients in need of ART. This finding was unlike observations in other similar programs [26, 28, 29] , but even in these programs, the absolute increase in median CD4+ at ART initiation was small. In Tanzania, implementation of changes in the ART initiation guidelines increasing the CD4+ threshold from 200 to 350 cells/μL began in 2010/2011, and this may contribute to the lack of change in our study observation period ending 2011. Our CD4+ trend data should however be cautiously interpreted due to the significant proportion of missing data. Further analyses of Optimal Models data to explore time to, and predictors of, timely ART initiation are planned.
There was a decline in stavudine use in the initial ART regimen, particularly significant among adults. This is in line with national and international guidelines that have advocated for the phasing out of this drug due to toxicities [7, 14] . It is important that additional analyses continue to monitor this trend and also report the proportion of patients currently using the drug. Stavudine was not as widely used in initial pediatric-ART regimens and the decline in use was less dramatic compared to adults. This may be because in such resource-limited settings, inadequate availability of pediatric ART formulations often limits treatment choices [30] .
One in three adults enrolled were male, and this did not change significantly over time. Evaluations conducted in other regions of Tanzania and Africa [4, 31, 32] have reported limited male involvement, but in Tanzania, this proportion is in line with the general population where males comprise 37% of those HIV infected [1] . Still, the impact of innovative strategies to encourage male access to HIV services, such as those explored in PMTCT programs [33] [34] [35] [36] should be examined in this setting. The proportion of children in the study population did not increase significantly over time. This in a country with over 80% unmet need for pediatric ART [4] is a concerning finding and implies that efforts to diagnose and enroll children into ART care should be strengthened. Tanzania in collaboration with ICAP and other development partners is facilitating scaling up early infant diagnosis and creation of pediatric and adolescent friendly services [37] [38] [39] . This may explain our data showing younger age and less advanced children's HIV disease at enrolment over time, perhaps pointing to successful early testing and linkage to care strategies implemented within PMTCT and VCT services. It is also possible that potential increase in the proportion of enrolled children expected from improved case-finding of pregnant women and children through scale-up of PMTCT services, early infant diagnosis programs and other pediatric focused initiatives was leveled out by more successful PMTCT programs resulting in fewer HIV-infected children.
The strengths of Optimal Models lie in the large sample of HIV-infected adults and children, and a variety of sites represented from multiple regions of Tanzania over a long observation period. The data are collected from 'real-world' settings: clinics and facilities where patients received care, giving insight to grass roots activities. This analysis serves as a baseline, and additional analyses evaluating critical implementation issues are planned. A limitation of this analysis was inadequate data to determine which clinics transferred-in patients were coming from, possibly overestimating the overall number enrolled if patients transferred within the 44 study sites. However, the impact of this overestimation is likely minimal since patients could potentially transfer-in from over 900 other clinics in Tanzania and beyond. Further review of the data indicated that transferring out of the study clinics did not proportionally increase over time: it declined from 17.9% to 13.1% to 5.9% in the respective calendar year groups. This analysis did not control for site-level effects when testing for trends, however the entire patient population at the study sites was used. Whereas the trends are indicative of observations at the 44 study sites, the data cannot be considered as applying to all clinics in Tanzania more generally. Another limitation with this analysis pertains to data quality barriers generally associated with routine program data [40] [41] [42] [43] . For example, it may well be that CD4+ testing was done for more patients but not captured in the patient records or the database. Routine data quality assessments are ongoing to continuously improve the data and minimize missing and erroneous data. These data encouragingly show improvements in data completeness for WHO stage and point of entry over time, and there were minimal missing data for some key variables like gender and age at enrolment.
Conclusions
Over the early 7 years of HIV care and treatment program implementation in Tanzania, there was an increase in enrolment of pregnant women and adults and children enrolled from PMTCT programs. The proportion of adults and children with advanced HIV disease at enrolment declined, as did the stavudine use in the initial ART regimen. Median pediatric age at enrolment and ART initiation also declined. A large number of adults and children were enrolled into HIV care and initiated ART, demonstrating successful expansion of HIV services in the country. However, many patients were missing documentation of CD4+ at enrolment and ART initiation, an aspect that will require focus in further program enhancements.
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